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Summary 
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Hiirinonii; analysis ol tula) records for Itic region between the city of Port Augusta anil Yorkey Crossing in 
the upper Spencer Gulf indicates that die most vigorous South Australian tide probably occurs fusl north o! the 
Whvull.i Railway hrulge and has a maximum range of about 4 I tit. iusl short of being classified as niacrotidal. 
The special property of South Australian tides, that the .semi-diurnal constituents I M, and S .) have about equal 
amplitudes, results in very interesting shallow water lidul interactions, in pailictilar the generation of a large amplitude 
quarter- diurnal constituent <MSj). IV intertidal environment or mangrove forests and especially the samphire 
Hats of the upper Spencer Cult is shown to be finely tuned to this shallow water tide. 
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Introduction 

The titles of South Australia have altraeted interest 
for over 100 years (Chapman 1892: Easton 1970), 
However there appears to be no account of flic region 
in which (he largest tide occurs. This region is of 
interesl to lidul theory because both Gulf St Vincent 
and Spencer Gull have large semi-diurnal tides at their 
heads and also because the major lunar (Md and 
solar (Ss) constituents are of similar magnitude. The 
diurnal lide progresses from west to east along the 
Southern Shelf as a Kelvin wave which enters the South 
Australian sea where its amplitude and phase increase 
regulat Iv and gradually towards the head of the gulfs. 
Thc semi-diurnal tide, on the other hand, displays a 
much more energetic response. 

Tidal characteristics in Gulf St Vincent 
and Spencer Gulf 

An almost progressive wave enters Investigator Strait 
and becomes converted into a standing oscillation 
within Gull St Vitieeni (Bye 1976). Bowers & Lennon 
(1990) investigated the tidal character using the classical 
model (Bowden 198.3) in which an incoming wave is 
reflected at the head of the gulf in the presence of a 
frictional force linearly proportional to the tidal current 
velocity. Particular intention was given to the 
importance ol Backstairs Passage in this process The 
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svsrcm can he best described us a quarter-wave 
resonance of the open sea tide. 

In Spencer Gulf the tidal resonance is more complex 
and lies closer to a three-quarter resonance in which 
a tidal node occurs between the head and the mouth 
of the gulf Tins behaviour results in a minimum semi- 
diurnal tidal amplitude near Wallaroo, beyond which 
there is a rapid increase in amplitude towards the head 
of the gulf. Easton (1978) has given an elegant 
mathematical demonstration of this resonance which 
also uses a frictional term linearly proportional to the 
tidal current velocity. Numerical models of the tides 
ol Spencer Gulf have been developed by Noye et ul. 
(19X1) and Bills and Noye (1986). including fine 
resolution models of tidal eddies in upper Spencer Gulf 
(Noye- 1984: Noye el ul., 1994). 

In both gulls mangrove forest and samphire flats are 
extensive, especially near Port Wakefield. Port 
Adelaide 1 (Sehluter 199.3 ). Franklin Harbour and Port 
Augusta. The tides are of great ecological significance 
to these areas. The most vigorous tidal system in South 
Australia occurs between Port Augusta and Yorkey 
Crossing in upper Spencer Gulf This distinctive region 
has the character of a brine estuary (Bye & Harbison 
1990). 

The action of tidal currents is responsible for internal 
mixing ol the water column. Stabilising forces, such 
as surface heating and horizontal salinity gradients 
tend to result in a stratified water column, the lowci 
stratum being denser than the uppet. The dynamics 
of the mixing process have been extensively studied, 
initially in temperature stratified environments such 
as the shallow European seas (Simpson & Bowers 
1981). and more recently in the salinity Stratified 
environment of the South Australian sea (Samarasinghe 
1989). Stratification occurs when the ratio ol the 
horizontal density gradient multiplied by the depth and 
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divided l>v the density anil die root mean square of the 
slope of lilt water snrl, ice due to the tide exceeds .1 
critical value (Bye 1990). 

In upper Spencer Gull (he tidal currents main (am 
a vertically well mixed water column whereas in mid 
Spencer Ciull a very detailed and extensive 
observational programme has shown that transieni 
stratification occurs (Nunes &. Lennon 1987) At die 
moulh rtf Spencer Gulf the hon/oma! density gradient 
maintains u si 1 at died exchange for ahoui nine months 
of the year (Bye A Whitehead 1975; Lennon c't at. 
1987 1 In the summer months, however, Itie hnivonlal 
density gradient is reduced due to the reversal of sign 
in the temperature gradient and vertical mixing can 
also occur. I liese considerations highlight the 
significance. of the tidal regime in I he dispersion ol 
dissolved material introduced into Ihc water column 
in the coastal provinces of upper Spencer Gulf, 
especially in the brine estuary, 



The Site 

Previously, iticu-siucments nl the tide in Spencer Gulf 
extended only as lar north as Port Augusta Recent tidal 
measurements (Dye & Harbison 1987. 1991, 1994) north 
of Port Augusta (Fig. 1), indicate that a very vigorous 
tidal legimc exists. The site of the investigations was 
an old w ooden bridge on which an abandoned mineral 
railway to a salt works entssed over Spencer Gull. On 
the eastern shore of the gulf the salt biidge was 
originally connected w ith an embankment which cuts 
III rough the mangrove lores! and into the samphire flats. 
The maximum span height of 4.4 m is just greater than 
high water springs and at low water springs, the wafer 
i.s confined to a lew central spans where the maximum 
depth is about 40 em I pig. 2a). The piers and spans 
are ideally suited for Instrument deployments 'Tide 
gauges were secured to the piets and eutrent meters 
wefe suspended from the spans or mounted hy poles 
driven into the ground. On the western side, beyond 
a narrower fringe of mangroves, the bridge leads 
dliectly to the salt works The tidal observations 
undertaken at this site extended I torn 28 February to 
2H March, 198b (Bye & Harbison 19871- 

Tide gauges and current meierx we re also deployed 
fot shorter periods between the Central Australian 
Railway bridge and Yorkey Crossing. This station lies 
approximately 4 kin further north of the salt bridge 
and is bordered on both sides by samphire llafs (Fig 
2b) which are covered at high water springs and also 
during the rare floodings which originate on the Pirie- 
Torreos plains north of Yorkey Grossing (Bye & 
Harbison 19941. 

Since the above observations were of limited time 
span, a second more extensive period was initiated in 
1994 The choice and location • *1 tidal equipment was 
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based upon the pilot investigations. An Inter Ocean S4 
current meter was located whthin the town of port 
Augusta at uri abandoned road bridge using a cradle 
mooring device. The current meter is based upon an 
electromagnetic flux measurement and thus has 110 
moving parts as do the conventional current rtieiers 
This mokes ihc current merer immune to the effect of 
algal growth The current meter obtained data between 
27 July 1994 and 27 August 1993. A tide gauge located 
at this site proved faulty. The tidal constants 111 Table 
I were obtained from the Port Augusta power station 
tide gauge fot the same period as the sail bridge 
deployment. 

A bottom mounted pressure ride gauge was deployed 
at the Whyalla Railway bridge north of Flirt Augusta 
between 28 July and .40 October 1993. Another bottom 
mounted tide gauge was deployed at the sail bridge 
but this gauge was destroyed by vandals. A bottom 
mounted tide gauge was deployed at the Central 
Ausltalian Railway bridge belween 18 September unit 
3| October 199.4. This gauge dearly indicates the 
unusual tide ol the region. 



Tidal Analysis 

To distinguish between a progressive and standing 
wave situation the phase differences between the tidal 
currents and elevations must be known. One ol Ihc 
most important aspects of tidal systems is the definition 
ol standing and progressive waves. With standing 
waves, the phase difference between the tidal elevations 
and currents is 90° while for a progressive wave the 
phase difference is 0°, A standing wave may be 
considered as being the sum of two progressive waves, 
one directed landward and one of equal amplitude 
directed seaward The landwatd energy flux associated 
with the incident wave is, in this ease, balanced by (he 
seaward energy flux of life reflected wave and thus ihetc 
is no net energy flux, In dissipative situations the 
reflected wave will be frictionally attenuated and must 
be smaller in amplitude than the inbound wave und 
Ihus a perlect standing wave is impossible. As the tide 
propagates from the open ocean various nonlinear 
distortions occur in the tidal signal , These distortions 
are primarily influenced by nonlinear mechanisms 
including frictional interactions and interactions with 
surrounding bathymetric features, as well as 
atmospheric effects and continuous freshwater 
discharges. The interactions of the primary 
astronomical tide discussed above may be represented 
by the growth of the shallow water tides which indicate 
the degree of nonlinear distortion ol the primary signal. 

In the analysis of tidal signals, it is con anon practice 
to decompose the tidal signal into a harmonic series 
of amplitudes and phases The total tidal elevation 01 
current may Ihus be represented by the sum of the 




MOST VIGOROUS SOUTH AUSTRALIAN T1DF. 



125 





*,* samphire salt bush 
^ mangroves 

road 

■ ■ < railway 

0 12 km 




Fig. L Locality map of upper Spencer Gulf. 







Pig 2 (a). View ot the- salt bridge looking westward Note un investigator tPat Hurbinoni on the fringe of the mangrove 
forest, and the abandoned sail works in the background, (H). View looking southward (torn just before Mrrkey f tossing 
Note the samphire flats on the western side of the channel, and the CY-nttal Australian Railway bridge in the background 
Both views were taken a short lime after low water 





